a9y United States

US 20120219101A1

12y Patent Application Publication o) Pub. No.: US 2012/0219101 A1

L’ Abbate et al.

43) Pub. Date: Aug. 30, 2012

(54) METHOD FOR ASSISTING IN THE
OPERATION OF A NUCLEAR REACTOR

(76) Inventors: Annalisa I’ Abbate, Paris (FR);

Anastasie Lefebvre De Rieux,
Paris (FR); Jean-Lucien
Mourlevat, Noisy-le-Ro1 (FR)

(21) Appl. No.: 13/497,385
(22) PCT Filed: Sep. 20, 2010
(86) PCT No.: PCT/EP2010/063810
§ 371 (c)(1),
(2), (4) Date: Apr. 26, 2012
(30) Foreign Application Priority Data
Sep. 22,2009 (FR) cooiiiiii 0956498

Publication Classification

(51) Int.CL.

G21C 7/36 (2006.01)

(52) U.SeClL oo 376/215
(57) ABSTRACT

The present invention relates to a method for assisting 1n the
operation of a nuclear reactor, which comprises the steps of:
establishing a request using a man/machine interface (31)
interacting with a dedicated operation assistance computer
(32) and using a three-dimensional neutron computation code
(32a) solving the diffusion equation, referred to as the opera-
tion assistance code; unidirectionally transmitting, from a
system (10) for monitoring the operation of the reactor core to
said operation assistance computer (32), a set of data (13)
which are representative of the hardware, geometric, and
neutron characteristics of the core, as well as the operating
conditions of the core, said data (13) being determined by a
three-dimensional neutron code (12) updating the 1sotope
balance of the core during fuel depletion and periodically
solving the diffusion equation online, referred to as the moni-
toring code, said monitoring code (12) being installed on a
second separate computer, referred to as the monitoring com-
puter, which 1s dedicated to said monitoring system (10);
determining a change 1n the behavior of the reactor core using
said operation assistance code (32a), said representative) data

(13) being used as input data for said operation assistance
code (32a).
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METHOD FOR ASSISTING IN THE
OPERATION OF A NUCLEAR REACTOR

[0001] The present invention relates to a method for assist-
ing in the operation of a nuclear reactor coupled with a system
for monitoring the operation of the core, and more particu-
larly with a system for the continuous surveillance of the core.
[0002] The invention 1s more particularly suited to pres-
surised water reactors.

[0003] During normal operation, the core of anuclear reac-
tor must comply with certain conditions which ensure com-
pliance with safety criteria 1n the event of accident. These
conditions (referred to as category 1) correspond to the mitial
situations adopted in safety studies; 1f they are exceeded
during normal operation, the demonstration of safety 1s there-
tore called into question.

[0004] Thus, it 1s necessary to determine whether the pro-
duction and the volumetric distribution of the neutron tlux as
well as the volumetric distribution of the power released in the
core are in compliance with the conditions corresponding to a
normal operation. The continuous verification of compliance
with the normal operating limits defines the function of “sur-
veillance of the pre-accident conditions of the core”.

[0005] For this purpose, it 1s necessary to calculate operat-
ing parameters of the core of the nuclear reactor, such as the
volumetric distribution of the power density 1n the core, the
factors representing the form of the neutron flux (axial offset
Al enthalpy increase factor FAH, etc.) or again the critical
heat flux ratio (RFTC) (associated with the critical boiling
phenomenon) or the linear power (associated with the fuel
fusion phenomenon). These parameters are determined on the
basis of measurements representative of the neutron flux or
the power released 1n the core, permitting the distribution of
the neutron flux throughout the entire core to be determined in
three dimensions.

[0006] Various devices for the continuous surveillance of
the normal operation of the core are known, said devices
determining a volumetric power distribution in the core.
[0007] A first system for continuous surveillance of the
core 1s described i patent FR2796196. The latter describes a
system for the continuous surveillance of the limits of the
normal reactor operation, comprising instrumentation inside
the reactor vessel formed by neutron tlux detectors compris-
ing collectron measurement probes preferably imncorporating
a rhodium-based emitter.

[0008] Such asurveillance system comprises a surveillance
computer, in which a neutron flux computation code permits
the instantaneous neutron-flux or power distribution in the
core to be obtained taking account of measurements provided
by the neutron flux detectors disposed inside the core.
[0009] This flux or power distribution then permits operat-
ing parameters of the core to be determined, such as:

[0010] the linear power (Plin), 1.e. the power per unit of
length of the fuel elements of the reactor core,

[0011] the critical heating ratio (REC) expressing the
divergence of the heating of the fuel elements with
respect to a critical heating level,

[0012] the axial power imbalance of the core (Dpax),

[0013] the azimuthal power imbalance of the core
(Dpaz),

[0014] the negative reactivity margin (MAR).

[0015] A second system for continuous surveillance of the
core 1s described in patent application FR2914103. The
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described system 1s a continuous surveilllance system
employing a set ol neutron flux measuring detectors disposed
on the exterior of the reactor vessel and a set of probes for
measuring the temperature of the heat exchange medium at
the exit of the fuel assemblies. This surveillance system also
comprises a surveillance computer, in which a neutron flux
computation code permits the instantaneous neutron-tflux or
power distribution in the core to be obtained taking account of
the measurements provided by the ex-core neutron flux mea-
surement probes and by thermocouples.

[0016] Inorder to obtain a more exact representation of the
neutron flux distribution in the core, neutron flux measure-
ments mside the core are additionally carried out at regular,
but relatively long intervals, for example of the order of a
month, by using for example mobile measurement probes of
small dimensions, known as in-core probes, which are gen-
crally constituted by fission chambers. The in-core probes are
each fixed to the end of a flexible cable, known as teleflex
cable, providing for their displacement 1nside a measurement
path of the mstrumentation of the core. Thus, the in-core
probes periodically provide, by means of a computer forming
the computer of the internal system of the core, designated by
the abbreviation RIC (in-core reactor or core instrumentation
reactor), a precise image of the volumetric power distribution
in the core, referred to as a tlux map.

[0017] The flux map serves as a basis for determining
adjustment coetlicients for the measurements carried out con-
tinuously by the surveillance methods 1n order that they are
representative of the power distribution in the core.

[0018] Asdescribed inpatent FR2796196, outside the peri-
ods when the computer of the RIC system 1s used to prepare
neutron flux maps, the neutron code nstalled in the computer
of the RIC system 1s capable of being used to carry out
predictive calculations for the change 1n operating parameters
of the nuclear reactor core and to carry out simulations 1n
order to provide assistance with the control, 1.e. 1n order to
define the different possible actions to be taken with the
control variables 1n a given situation.

[0019] It may 1n fact prove usetul to be able to predict the
change 1n the neutron flux distribution in the core and thus
operating margins, for example of the RF'TC type, 1n order to
anticipate control actions permitting the manoeuvrability of
the nuclear unit to be optimised.

[0020] However, the use of the computer of the RIC system
for simulation operations 1s only possible outside the periods
for the acquisition and processing of measurements intended
to permit a flux map to be prepared.

[0021] Moreover, the preparation of a flux map may also be
required following the emergence of various phenomena: for
example, 1n the case of an azimuthal power imbalance alarm
generated by the surveillance system or in the case of
degraded functioning of the system.

[0022] Thus, an operator may {ind that he 1s incapable of
carrying out a control simulation if the computer of the RIC
system 1s not available.

[0023] Moreover, such use of the computer of the RIC
system 1nvolves giving the operator the possibility of inter-
vening on the computer of the RIC system, this intervention
being capable of affecting the proper functioning of the sys-
tem

[0024] Finally, the use of the computer of the RIC system
may involve redefining the neutron tlux distribution taking
account of measurements representative of the neutron flux
inside the core. The implementation of such redefining pro-
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vides access to a more precise power distribution, but none-
theless adds the need to have available a set of measurements
adapted to this functionality.

[0025] It will be noted that the configurations described
above relate solely to continuous surveillance systems pro-
vided with a neutronic calculation code. However, 1t 1s also
advisable to be able to predict the change 1n the neutron flux
distribution in the core of reactors having monitoring systems
that do not play a role in the surveillance of pre-accident
conditions. For example, there are reactors provided with a
monitoring system providing information to the operator on
an informational basis, said monitoring system coexisting
with a surveillance system, solely based on the direct use of a
measurement. The analogy between a surveillance system
and a monitoring system 1s not therefore systematic.

[0026] In thus context, the aim of the mvention 1s to over-
come the aforementioned problems and relates to providing a
method for assisting in the operation of a nuclear reactor
permitting an operator to carry out predictive computations or
a control simulation of the nuclear reactor at any instant
whatever the availability of the computer of the RIC system
and not requiring redefining of the neutron flux distribution
provided by the computer of the RIC system. In order to do
this, the method according to the invention uses an upstream
system provided with a neutronic calculation code continu-
ously reproducing the neutron characteristics of the core,
whatever the functionalities of the upstream system, which
may have only an informative role, and whatever the instru-
mentation 1t uses. The method according to the invention
therefore applies to any system for the continuous surveil-
lance of normal operating limits provided with a neutronic
calculation code, and this whatever the type of instrumenta-
tion used for the power distribution measurement 1n the core
by said surveillance system, and more generally applies to
any system for monitoring the operation of the core provided
with a neutronic calculation code continuously reproducing,
the neutron characteristics of the core. In other words, the
invention also applies to reactors using surveillance systems
based exclusively on measurements (1.e. not provided with a
neutronic calculation code), since there 1s a core operation
monitoring system available, provided with a neutronic cal-
culation code continuously reproducing the neutron charac-
teristics of the core.

[0027] For this purpose, the invention proposes a method
for assisting in the operation of a nuclear reactor, character-
ised 1n that it comprises steps consisting 1n:

[0028] making arequest for assistance in the operation of
said reactor by means of a man/machine interface inter-
acting with an operation assistance computer dedicated
to said operation assistance and using a three-dimen-
stonal neutronic calculation code solving the diffusion
equation, referred to as the operation assistance code;

[0029] unidirectionally transmitting from a system for
monitoring the operation of the reactor core to said
operation assistance computer a set of data representa-
tive of the composition, geometric and neutronic char-
acteristics of the core, as well as the operating conditions
of the core, said data being determined by a three-di-
mensional neutronic code updating the 1sotopic balance
of the core during fuel burnup and periodically solving
the diffusion equation online, referred to as the monitor-
ing code, said monitoring code being installed on a
second different computer, referred to as the monitoring
computer, which 1s dedicated to said monitoring system;
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[0030] determining an evolution in the core behavior of
the reactor using said operation assistance code, said
data representative of the composition, geometric and
neutronic characteristics of the core, as well as the oper-
ating conditions of the core and said request for assis-
tance in the operation being used as input data for said
operation assistance code.

[0031] The term periodically online 1s understood to mean
a periodicity which can range from several seconds (continu-
ous solution of the diffusion equation) to several hours. To
advantage, the neutronic calculation code of the method for
monitoring the operation solves the diffusion equation con-
tinuously, 1.e. with a periodicity of the order of a minute, or
less than a minute, typically of the order of 30 seconds.
Thanks to the invention, 1t 1s possible to provide an operator
with a tool for assistance in operating the reactor, making 1t
possible for example to predict or to simulate the behaviour of
the reactor by making use of data representative of the com-
position, geometric and neutronic characteristics of the core,
as well as actual core operating conditions, these data and
conditions being grouped together in the model of the core
and computed 1n particular by a system for momtoring the
operation, thus permitting the running and operation of the
reactor to be facilitated.

[0032] The method according to the invention does not
require the use of data adjusted to the measuring means of the
instrumentation, or redefining of these data. The method for
assisting in the operation according to the invention can there-
fore be used with an upstream monitoring system, the only
condition whereot being that it 1s provided with a neutronic
calculation code.

[0033] Thecoupling between the system for monitoring the
operation and the method for assisting in the operation can be
made 1n such a way as to ensure complete absence of any
impact on the functioming of the system for monitoring the
operation, 1n particular when the monitoring system 1s a sys-
tem for surveillance of pre-accident conditions. The interac-
tion 1s therefore implemented by a unidirectional transmis-
sion of data representative of composition, geometric and
neutronic characteristics of the core, as well as core operating
conditions, or a core model (the terminology “3D core
model” will be used 1n the following to denote this set of data
in the case of a three-dimensional neutron code), determined
by the monitoring code of the monitoring system, to the
operation assistance computer also comprising a neutronic
calculation code.

[0034] Thus, a request for assistance in the operation, or
any other request from the operator, such as a control simu-
lation, can be implemented independently by the method for
assistance 1n the operation by means of the operation assis-
tance code, without interfering with the operation of the
monitoring code and without a possible transmission of data
to the monitoring system, the two computation codes being in
two different computers (1.e. operating independently of one
another). The transier of information can be made only from
the monitoring system to the operation assistance computer;
in contrast, the operation assistance computer does not com-
municate any mformation to the monitoring system 1n order
that a user error by the operator or a data-processing error
does not have repercussions on the core monitoring system.

[0035] Contrary to the solution proposed 1n patent
FR2796196, the method according to the mmvention uses a
neutron code for assisting 1n the operation that 1s available at
any instant, making 1t possible for example to carry out simu-




US 2012/0219101 Al

lations or predictive computations on the basis of up-to-date
core operating conditions and without risking interference
with the operation monitoring computer or surveillance com-
puter used for the operation of the reactor, thereby dispensing,
with the need for redefining the neutron flux distribution with
the aid of measurements.
[0036] To advantage, the system for the continuous moni-
toring of the operation of the core 1s for example a system for
continuous surveillance of the operation of the core such as
described 1n patents FR2796196 and FR2914103.
[0037] However, as already mentioned above, the scope of
the present invention 1s not limited to the use of a surveillance
system. The invention can also be applied to any monitoring
system 1nstalled upstream of the system for assisting in the
operation comprising a neutronic calculation code continu-
ously reproducing the neutron characteristics of the core,
whatever the functionalities of the system upstream, which
may have a purely informative role, and whatever the instru-
mentation that 1t employs.
[0038] Thus, the method for assisting in the operation
according to the invention 1s applicable both to a nuclear
reactor comprising a surveillance system provided with a
neutronic calculation code as well as to a nuclear reactor
comprising a surveillance system that does not employ a
neutronic calculation code, since the reactor comprises an
online core monitoring system (informative for example) pro-
vided with a neutronic calculation code.
[0039] To advantage, the neutron code of the upstream
monitoring system of the present invention 1s a three-dimen-
sional neutromic calculation code which instantaneously
solves the diffusion equation 1n a periodic manner and
updates the 1sotopic balance of the core during fuel depletion.
Thus, the method according to the invention advantageously
uses mput data formed by a 3D model representing as closely
as possible the operating conditions of the core.
[0040] Themethod according to the invention can also have
one or more of the following features, considered individually
or 1n all technically possible combinations:
[0041] said monitoring code functions continuously,
typically with a periodicity of the order of one minute;
[0042] said monitoring system 1s a core surveillance or
monitoring system performing a measurement of the
neutron flux by means of a set of neutron-tlux measure-
ment detectors disposed outside the reactor vessel and a
set of probes for measuring the temperature of the cool-
ant fluid at the exit of the fuel assemblies from the core;
[0043] said monitoring system 1s a core surveillance or
monitoring system performing a measurement of the

neutron flux by means of a set of neutron-tlux measure-
ment detectors introduced into the interior of the reactor

vessel, 1 at least a part of the fuel assemblies of said
core, said detectors each comprising a plurality of neu-
tron flux measurement probes;

[0044] said operation assistance code 1s 1dentical to the
code for monitoring the operation of the core;

[0045] said operation assistance code takes 1nto account
the operational and control reactivity constraints reac-
tivity to said reactor;

[0046] said step of making a request for operation assis-
tance comprises a step in which the operator selects a
request among one of the following requests:

[0047] creation of predictive transients,

[0048] evaluation of the capability of the nuclear unit
to operate load follow,
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[0049] linear extrapolation of the mverse of the count
rates of the source level chambers,

[0050] prediction of the evolution of the margins to
criticality, in particular in the reactor shut-down
phases,

[0051] monitoring of the xenon and/or samarium con-
centrations after shut-down of the reactor,

[0052] performance of reactivity balance calculations
in sub-critical phases and determination of critical
parameters,

[0053] calculation of maximum power level attainable
in the case of instantaneous return to power,

[0054] optimization of core stabilisation time to per-
form periodic tests,

[0055] automation of the processing of periodic tests
relevant to the core,

[0056] calculation of the 1sotopic balance and the
material balance of the core via predictive fuel burnup
calculations:

[0057] said request for assistance 1n the operation said
reactor comprises operating parameters, the whose val-
ues are defined by the operator, said operating param-
cters possibly varying as a function of time;

[0058] the method comprises a periodic correction step
of the core model based on said operation assistance
code and/or said monitoring code, said periodic correc-
tion step comprising a step to modily intrinsic param-
eters of the core model;

[0059] the method comprises a step to display the results
of said step to determine the core behavior evolution on
display means of said man/machine interface;

[0060] the method comprises a step to recover the set of
said data representative of the composition, geometric or
neutronic characteristics of the core, as well as the oper-
ating the conditions of the core determined by said
monitoring code, 1n the memory and/or storage means;

[0061] the method comprises a step for selection by the
operator of a set of data representative, at a given instant,
of the composition, geometric and neutronic character-
istics of the core, as well as the operating conditions of
the core, stored 1n said memory and/or storage means,
said memory and/or storage means comprising a plural-
ity of successive sets of data corresponding to given
different storage instants;

[0062] said step of storing the set of said data represen-
tative of the composition, geometrical and neutronic
characteristics of the core, as well as the operating con-
ditions of the core determined by said monitoring code,
in said memory and/or storage means can be requested at
any instant by the operator;

[0063] the method comprises a step for recovering on a
network the set of data representative of the composi-
tion, geometric and neutronic characteristics of the core,
as well as the operating conditions of the core deter-
mined by said monitoring core, the set of data recovered
on the network being capable of being requested by the
operator via the man/machine interface and used as
input data in said operation assistance code;

[0064] the method comprises a step for implementing at
least one additional functionality of a non-predictive
nature used by said operation assistance computer;

[0065] a set of data representative of the composition,
geometrical and neutronic characteristics of the core, as
well as the operating conditions of the core not deter-
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mined by said monitoring code, 1s used as an 1nput to
said operation assistance code.

[0066] Other features and advantages of the mnvention will
emerge more clearly from the following description thereof,
by way of indication and on no account limiting, making
reference to the appended figures, among which the single
FIGURE 1s a diagrammatic representation of an architecture
comprising means for implementing a method for the con-
tinuous monitoring of the operation of the core and means for
implementing the method for assisting in the operation
according to the mvention.

[0067] The single FIGURE 1s a diagrammatic representa-
tion of an architecture comprising a core operation monitor-
ing system 10, provided with a neutronic calculation code,
coupled with a system 30 for implementing the method for
assistance in the operation according to the imvention.

[0068] Operation assistance system 30 for implementing
the method for assisting in the operation according to the
invention cComprises:

[0069] aman/machine interface 31 on which an operator
1s able to make requests for assistance 1n operating the
reactor, such as for example a simulation request, or a
request for predictive computations of the behaviour of
the nuclear reactor;

[0070] an operation assistance computer 32 mcorporat-
ing a neutronic calculation code 324, advantageously a
three-dimensional neutronic calculation code, capable
of solving the diffusion equation,

[0071] mean for recovering a set of data 13 representa-
tive of the composition, geometric and neutronic char-
acteristics of the core, and operating conditions of the
core, which will be referred to hereinatter as a “3D core
model”, from core operation monitoring system 10
located upstream.

[0072] 3D core model 13 i1s generated by core operation
monitoring system 10 located upstream of system 30.

[0073] Monitoring system 10 comprises a monitoring coms-
puter 11 provided with a neutron flux computation code 12,
advantageously in three dimensions, making 1t possible to
obtain continuously by a computation instantancous three-
dimensional neutron-tlux or power distribution 14 in the core,
taking account of current values 23 of the operating param-
cters of the reactor, such as: the mean thermal power of the
core, the mean admission temperature of coolant 1nto the
vessel, the position operated by the control groups, etc.

[0074] Neutronic calculation code 12, based on current val-
ues 23 of the operating parameters of the reactor, updates the
1sotopic balance of the core during depletion of the fuel and
solves online, 1.e. with a periodicity less than a minute, the
diffusion equation in order to restore three-dimensional dis-
tribution 14 of the current power of the core, 1in the form of a
set of values of the nuclear power at different points distrib-
uted 1n the core.

[0075] Itis forexample possible to cite, by way of example,
neutronic calculation code SMART based on a three-dimen-
sional modelling of the advanced nodal type. The principles
of the core neutron computation are described 1n greater

detail in the document “Methods for core neutron computa-
tion” (Techniques de L’Ingemeur—B3070—Giovanm B.

Bruna and Bernard Guesdon).

[0076] Thus, monitoring system 10 continuously generates
a 3D model of core 13 corresponding to a set of data repre-
sentative of the composition, geometric and neutronic char-
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acteristics of the core, and operating conditions of the core, 1n
particular grouping together the following data:

[0077] the data from the computation of distribution 14
of the current neutron flux or power of the core calcu-
lated by neutron code 12 of surveillance computer 11,

[0078] current values 23 of the reactor operating param-
cters required for the use of the neutron flux computa-
tion, such as for example:

[0079] the description of the geometry, the 1sotopy of
the materials and elements present 1n the core,

[0080] the properties of the efficient sections of the
materials and 1n particular of the fuel,

[0081] the data characterising the state of the reactor,
such as the produced power level, the temperature of
the coolant, the position of the control rods, etc.

[0082] The 3D model of core 13, periodically generated by
monitoring computer 11, 1s periodically transmitted to
memory or storage means 35, 1 such a way as to produce a
backup of the 3D model of core 13 at different instants.
Typically, the 3D model of core 13 1s stored 1n the storage
memory once per day.

[0083] Storage means 35 are optionally connected to a
printer (not represented) permitting certain data of the stored
3D models to be edited upon request by the operator.

[0084] Moreover, the 3D model of core 13 can also be
transmitted periodically on a network 36 1n such a way as to
be available at any instant for operation assistance system 30.
The 3D model of core 13 1s also transmitted on network 36
with each computation step of monitoring code 12, 1.e. with a
periodicity less than one minute for example.

[0085] The operator can also select, via man/machine inter-
face 31, a 3D model of the given core, stored among the
plurality o1 3D models stored on storage means 33, 1n order to
initiate for example a request for assistance 1n the operation
on the basis of the data of a previous 3D model.

[0086] The operator can also request at any instant the
storage of a 3D model, thus permitting a backup of the 3D
model of the core at an instant determined by the operator, the
request being made explicitly to the system via man/machine
interface 31 by making an additional storage request (1n this
case, the operator uses a forced mode). It will be noted that
this operation 1s only possible 1n the case where the connec-
tion between the monitoring computer and the operation
assistance computer 1s not unidirectional.

[0087] Moreover, the operator can optionally change, via
man/machine interface 31, data of a 3D core model not gen-
erated by monitoring computation code 12 of the reactor, as
well as data not included in the model (measurements, for
example).

[0088] The method according to the mvention permits the
use of different functionalities of operation assistance system
30 upon request from of the operator, by a request being made

for assistance with the operation via man/machine interface
31.

[0089] Thanks to the invention, the operator can make a
request permitting him in particular to anticipate the behav-
iour of the reactor, or to verily a different operational strategy
from the current strategy. Thus, the operator can, as he sees {it,
make a request permitting him to implement one of the func-
tionalities used by the method according to the invention,
such as for example:

[0090] to implement predictive transients making it pos-
sible to anticipate the change in the behaviour of the
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reactor 1n order that the operator 1s guided towards the
choice of a future control strategy,

[0091] to evaluate the capability of the nuclear unit to
perform given load-following on the basis of the current
state of the core,

[0092] to extrapolate linearly the reciprocals of the count
rates from the source level chambers,

[0093] to predict the change in the negative reactivity,
and 1n particular 1n the shut-down phases of the reactor,

[0094] to monitor the xenon and/or samarium concentra-
tions,
[0095] to carry out reactivity balances in sub-critical

regime and to determine the critical parameters in order
to assist the operator 1n selecting the re-divergence strat-
egy, taking account of the various control means of the
reactivity, and 1n particular the control of the boron
concentration as well as the position of the control rods,

[0096] to calculate the maximum power level 1n the case
of an mstantaneous return to power as a function of the
de-calibration of the control rods and the operating strat-
egy permitting 100% of the nominal power to reached 1n
a minimum time,

[0097] to optimise the stabilisation time of the core with
a view to carrying out periodic tests, via predictive simu-
lations,

[0098] to atomate the evaluation of periodic tests of a
neutron nature on the basis of measurements of the flux
map system provided by the operator,

[0099] to calculate the 1sotopic balance and the material
balance of the core as a function of the progress in the
cycle, via predictive depletion calculations.

[0100] Inaddition to neutronic calculation code 32a, opera-
tion assistance computer 32 also incorporates other types of
data 3254, such as:

[0101] the different characteristics and constraints of the
control modes known to the person skilled 1n the art ({or
example, the control modes commonly referred to as
mode A, mode G, mode X or mode T),

[0102] the calculations of safety limits to be complied
with during operations for normal running of a reactor,
as well as other necessary computation codes permitting
assistance to be provided 1n the operation of a nuclear
reactor.

[0103] When a request for assistance in the operation is
made, the operator must define the iput data into operation
assistance computer 32.

[0104] The operator can thus specity:

[0105] the 3D model of the core to be used: the operator
has the choice between the last stored 3D model, in
storage means 35, a stored 3D model stored 1n storage
means 35 and corresponding to an earlier storage instant
or again the last 3D model automatically transmitted on
network 36,

[0106] the list of the parameters that he wishes to define
in the course of the evaluation of the behaviour of the
reactor during the request.

[0107] Thus, computer 32 can receive three types of input
data:
[0108] parametric mput data defined by the operator in

order to carry out a function,

[0109] 1nput data available via the 3D model of core 13,
1.e. typically the description of the neutron characteris-
tics of the core, the position of the control rods, the
admission temperature of the coolant, the power level,
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the concentration of xenon and other 1sotopes, relating to
the time of backup of the 3D core model,

[0110] and optionally mnput data from a complementary
acquisition carried out directly by the operation assis-
tance system.

[0111] The results of the calculations are then displayed on
display means of man/machine interface 31.

[0112] The identification of a malfunction of system 30 1s
indicated to the operator via the use of internal tests of opera-
tion assistance system 30 during its operation.

[0113] In order properly to understand the functioning of
the operation assistance system according to the invention, a
particular example of a simulation request made by the opera-
tor will be described 1n detail below.

[0114] In the illustrated example, the operator will use the
method for assisting 1n the operation according to the mnven-
tion 1n order to simulate a load-following transient on the
basis of the current state of the reactor, which is for example
at 100% of the nominal power. The load-following transient
to be simulated changes according to the following configu-
ration:

[0115] a first power level at 100% of nominal power for
a period of two hours,

[0116] asecondpower level at 50% of nominal power for
a period of eight hours, and

[0117] a return to 100% of nominal power,

the power transitions between the levels having to be carried
out as quickly as possible (1.e. at maximum speed).

[0118] Viaman/machine interface 31, the operator makes a
simulation request 1n order to simulate the behaviour of the
reactor faced with a predictive load-following transient, such
as described above, by selecting the corresponding predictive
functionality.

[0119] When the request 1s made, the operator will specity
in iput data the transient strategy to be implemented as a
function of time as well as “the state” of the core from which
he wishes to start the simulation.

[0120] In our example, the operator wishes to carry out a
simulation on the basis of current data 13 of the 3D core
model. In order to do this, the most recent data available of the
3D model are thus recovered on network 36 and transmaitted
to operation assistance computer 32.

[0121] However, 1 the operator had chosen to carry out the
simulation proceeding from a previous state of the core, for
example with a 3D core model from the previous day, he
would have carried out a search on storage means 35 fora 3D
core model of the desired instant and made a local copy 1n
order to transmit the data of the 3D model to operation assis-
tance computer 32.

[0122] When the request 1s made, 1n the context of the
example considered here, the operator also selects the power
control parameters via programmed movements of the con-
trol rods, and the desired change in the axial power 1mbal-
ance.

[0123] The operator then starts the simulation, the param-
cters defined by the operator being transmitted to operation
assistance computer 32 in such a way that neutronic calcula-
tion code 32a can calculate the required change, via a solu-
tion, at each time step of the transient, of the diffusion equa-
tion.

[0124] The results of the calculation are made available to
the operator via the display means of man/machine interface
31 for each simulated transient instant. In particular, com-
puter 32 determines:
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[0125] the change in the boron concentration required to
achieve the transient under the desired conditions of
changes 1n the power and the axial power imbalance,

[0126] the volumes of water and/or boron that he must
inject mto the core i order to be able to obtain the
desired operating transient,

[0127] the predicted operating margins 1n the case of the
adopted transient.

[0128] In this way, the operator has a means for judging
whether the desired transient can follow a course 1n compli-
ance with the reactor satety limits. In this precise simulated
case, the operator 1s able to take account of the results of the
simulation 1n order to carry out boration and dilution opera-
tions, and thus to anticipate his control strategy.

[0129] In the case of a result that does not meet his expec-
tations 1n the matter of safety, the operator can vary previ-
ously defined control parameters of the umit, for example by
reducing the transition rate of the power, by restarting a stmu-
lation 1n order to optimise the course taken by its load-fol-
lowing transient, whilst at the same time being assured of the
level of the available operating margins throughout the load-
following transient.

[0130] During the time required to carry out the simulation
and the calculations of operation assistance system 30, the
operation of upstream monitoring system 10 1s at no time
disturbed, interrupted, or adversely affected.

[0131] One of the advantages of the method according to
the invention 1s the representativeness of the 3D core model
being used as mput data for the calculations of the operation
assistance system, said model in fact incorporating the actual
operating conditions of the reactor.

[0132] Thus, the data of the 3D model and of the simulation
calculations take account of the operating history of the reac-
tor, mncluding short-term effects, such as for example the
updated xenon distribution.

[0133] Thus, on the basis of a 3D core model, the method
for assistance in the operation according to the invention
makes 1t possible, for example, to anticipate the behaviour of
the reactor on the basis of a profile of the change 1n parameters
fixed by the operator.

[0134] The start of a control simulation, or any other
request made by the operator, 1s carried out independently of
the operation of the upstream monitoring system, specific
operation assistance computer 32 comprising 1ts own com-
putation codes, thus permitting the functioning of monitoring,
code 12 not to be disturbed. Moreover, in the case of a unidi-
rectional connection between operation assistance computer
32 and monitoring computer 11, no transmission of data from
operation assistance computer 32 to momitoring computer 11
1s possible, which permits interactions between the two com-
puters or incorrect interventions on the part of the operator to
be prevented.

1. A method for assisting in the operation of a nuclear
reactor, comprising the steps:

making a request for assistance in the operation of said
reactor by means of a man/machine interface interacting,
with an operation assistance computer dedicated to said
operation assistance and using a three-dimensional neu-
tronic calculation code solving the diffusion equation,
referred to as the operation assistance code;

unidirectionally transmitting from a system for monitoring
the operation of the reactor core to said operation assis-
tance computer a set of data representative of the com-
position, geometric and neutronic characteristics of the
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core, as well as the operating conditions of the core, said
data being determined by a three-dimensional neutronic
code updating the 1sotopic balance of the core during
tuel burnup and periodically solving the diffusion equa-
tion online, referred to as the momitoring code, said
monitoring code being installed on a second different
computer, referred to as the momitoring computer, which
1s dedicated to said monitoring system;

determining an evolution 1n the core behavior of the reactor
using said operation assistance code, said data represen-
tative of the composition, geometric and neutronic char-
acteristics of the core, as well as the operating conditions
of the core and said request for assistance in the opera-
tion being used as mput data for said operation assis-
tance code.

2. The method for assisting in the operation of a nuclear
reactor according to claim 1, wherein said monitoring code
functions continuously, typically with a periodicity of the
order of one minute.

3. The method for assisting in the operation of a nuclear
reactor according to claim 1, wherein the monitoring system
1s a core surveillance or monitoring system performing a
measurement of the neutron flux by means of a set of neutron-
flux measurement detectors disposed outside the reactor ves-
sel and a set of probes for measuring the temperature of the
coolant fluid at the exit of the fuel assemblies from the core.

4. The method for assisting in the operation of a nuclear
reactor according to claim 1, wherein said monitoring system
1s a core surveillance or monitoring system performing a
measurement of the neutron flux by means of a set of neutron-
flux measurement detectors introduced into the interior of the
reactor vessel, 1n at least a part of the fuel assemblies of said
core, said detectors each comprising a plurality of neutron
flux measurement probes.

5. The method for assisting in the operation of a nuclear
reactor according to claim 1, wherein said operation assis-
tance code 1s 1dentical to the code for monitoring the opera-
tion of the core.

6. The method for assisting 1n the operation of a nuclear
reactor according to claim 1, wherein said operation assis-
tance code takes into account the operational and control
reactivity constraints reactivity to said reactor.

7. The method for assisting in the operation of a nuclear
reactor according to claim 1, wherein said step of making a
request for operation assistance comprises a step 1n which the
operator selects a request from among the following requests:

creation of predictive transients,

evaluation of the capability of the nuclear unit to operate
load follow,

linear extrapolation of the inverse of the count rates of the
source level chambers,

prediction of the evolution of the margins to criticality, 1n
particular in the reactor shut-down phases,

monitoring of the xenon and/or samarium concentrations
after shut-down of the reactor,

performance of reactivity balance calculations 1n sub-criti-
cal phases and determination of critical parameters,

calculation of maximum power level attainable 1n the case
of 1instantaneous return to power,

optimization of core stabilisation time to perform periodic
tests,

automation of the processing of periodic tests relevant to
the core, and
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calculation of the 1sotopic balance and the material balance
of the core via predictive fuel burnup calculations.

8. The method for assisting 1n the operation of a nuclear
reactor according to claim 1, wherein said request for assis-
tance 1n the operation said reactor comprises operating
parameters, the whose values are defined by the operator, said
operating parameters possibly varying as a function of time.

9. The method for assisting 1n the operation of a nuclear
reactor according to claim 1, further comprising a periodic
correction step of the core model based on said operation
assistance code and/or said monitoring code, said periodic

correction step comprising a step to modily intrinsic params-
eters of the core model.

10. The method for assisting 1n the operation of a nuclear
reactor according to claim 1, further comprising a step to
display the results of said step to determine the core behavior
evolution on display means of said man/machine interface.

11. The method for assisting 1n the operation of a nuclear
reactor according to claim 1, further comprising a step to
recover the set of said data representative of the composition,
geometric or neutronic characteristics of the core, as well as
the operating the conditions of the core determined by said
monitoring code, 1n the memory and/or storage means.

12. The method for assisting 1n the operation of a nuclear
reactor according to claim 11, further comprising a step for
selection by the operator of a set of data representative, at a
given 1nstant, ol the composition, geometric and neutronic
characteristics of the core, as well as the operating conditions
of the core, stored 1n said memory and/or storage means, said
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memory and/or storage means comprising a plurality of suc-
cessive sets of data corresponding to given difierent storage
instants.

13. The method for assisting 1n the operation of a nuclear
reactor according to claim 11, wherein said step of storing the
set of said data representative of the composition, geometrical
and neutronic characteristics of the core, as well as the oper-
ating conditions of the core determined by said monitoring
code, 1n satd memory and/or storage means can be requested
at any 1nstant by the operator.

14. The method for assisting 1n the operation of a nuclear
reactor according to claim 1, further comprising a step for
recovering on a network the set of data representative of the
composition, geometric and neutronic characteristics of the
core, as well as the operating conditions of the core deter-
mined by said monitoring core, the set of data recovered on
the network being capable of being requested by the operator
via the man/machine interface and used as mput data in said

operation assistance code.

15. The method for assisting 1n the operation of a nuclear
reactor according to claim 1, further comprising a step for
implementing at least one additional functionality of a non-
predictive nature used by said operation assistance computer.

16. The method for assisting 1n the operation of a nuclear
reactor according to claim 1, wherein a set of data represen-
tative of the composition, geometrical and neutronic charac-
teristics of the core, as well as the operating conditions of the
core not determined by said monitoring code, 1s used as an
input to said operation assistance code.
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